Background This prospective, post-marketing observational study in Japanese patients aimed to evaluate the safety and effectiveness of daily afatinib use in general practice. Methods This non-interventional study (NCT02131259) enrolled treatment-naïve and pre-treated patients with inoperable/ recurrent EGFR mutation-positive NSCLC, eligible for afatinib treatment as per the afatinib label in Japan. Patients received afatinib at the approved dose (20, 30, 40, or 50 mg/day; physician decision), and were observed following treatment initiation for 52 weeks or until premature discontinuation. Primary endpoint was the incidence of adverse drug reactions (ADRs). Secondary endpoints included ADRs of special interest, and objective response rate (ORR). Post hoc Cox multivariate analyses were used to assess prognostic factors associated with the incidence of ADRs. Results 1602 patients, at 374 sites (April 2014-March 2015), were included in the analysis; 307 (19%) were aged ≥ 75 years. The most frequently reported ADRs (all/grade 3-4) were diarrhea (78%/15%), rash/acne (59%/6%), stomatitis (31%/4%), and nail effects (38%/4%). Serious ADRs resulting in death occurred in 18 patients (1%). 762 patients (48%) had ≥ 1 afatinib dose reduction and 366 (23%) discontinued due to ADRs; the most common reason for both was diarrhea (8.2% and 6.7%, respectively). ORR was 40.1%. Conclusions Real-world treatment of 1602 Japanese patients with afatinib was associated with a predictable ADR profile. Afatinib showed effectiveness in inoperable/recurrent EGFR mutation-positive NSCLC, especially as first-line treatment. As with other EGFR TKIs, prompt management of adverse events is needed in the Japanese population, to reduce serious events and outcomes, including interstitial lung disease.
Introduction
Mutations of the epidermal growth factor receptor (EGFR) gene are important drivers of non-small cell lung cancer (NSCLC). The frequency of EGFR mutations is higher in
3
Asian than Caucasian populations; in Japanese NSCLC patients, the prevalence of EGFR mutations has been reported to be approximately 30-40% [1] .
Standard first-line treatment for advanced NSCLC harboring an EGFR mutation is an EGFR tyrosine kinase inhibitor (TKI). Currently, approved first-line agents include the first-generation EGFR TKIs erlotinib and gefitinib, which reversibly inhibit EGFR, and the second-generation ErbB family blocker afatinib, which irreversibly blocks signaling from all members of the ErbB family: EGFR (ErbB1), HER2 (ErbB2), ErbB3, and ErbB4 [2] . Afatinib was previously assessed in two pivotal phase 3 trials: LUX-Lung 3 (conducted globally) and LUX-Lung 6 (conducted in China, Thailand and South Korea), which showed that afatinib significantly improved progression-free survival (PFS) versus chemotherapy in patients with treatment-naïve EGFR mutation-positive NSCLC [3, 4] . Also, in both trials, overall survival was found to be improved by afatinib in patients with EGFR Del19 mutation-positive NSCLC (pre-specified analyses) [5] .
The LUX-Lung 3 trial enrolled 83 patients from Japan; outcomes for the Japanese subgroup patients were generally consistent with those for the overall population [6] . In a pre-planned subgroup analysis of Japanese patients in LUX-Lung 3 (of whom 54 received afatinib and 29 cisplatin/ pemetrexed chemotherapy), PFS was found to be significantly longer with afatinib than with cisplatin/pemetrexed [median 13.8 versus 6.9 months; hazard ratio (HR), 0.38, 95% confidence interval (CI) 0.20-0.70; p = 0.0014], with more pronounced improvements among patients with common mutations (Del19/L858R: HR, 0.28, 95% CI 0.15-0.52; p < 0.0001) and specifically Del19 mutations (HR, 0.16, 95% CI 0.06-0.39; p < 0.0001). Furthermore, in patients harboring a Del19 mutation, median overall survival was also significantly longer with afatinib than with cisplatin/ pemetrexed (46.9 versus 31.5 months; HR, 0.34, 95% CI 0.13-0.87; p = 0.0181) [6] .
Based on these results, in 2014, afatinib was approved in Japan for the treatment of patients with inoperable or recurrent EGFR mutation-positive NSCLC [7, 8] . However, at the time of approval, only limited data were available on the use of afatinib in Japanese clinical practice settings. The prevalence of EGFR mutations in Japanese patients has been found to be greater than in other populations, and the safety profile of afatinib may differ slightly from that in other populations [1] . The incidence of interstitial lung disease (ILD) is also higher in Japan than in other countries, and in LUXLung 3, a higher frequency of adverse events was reported in the Japanese subgroup than in the overall trial population [3, 6, [9] [10] [11] [12] . We, therefore, initiated this prospective, post-marketing observational study to evaluate the safety and effectiveness of daily afatinib used in day-to-day clinical practice in Japan. Of note, as there are no restrictions to the label in Japan, afatinib can be used across multiple treatment lines and for both EGFR TKI-naïve and EGFR TKIpre-treated patients. Consequently, in contrast to the LUXLung 3 trial, which included only treatment-naïve patients, this study reflects real treatment outcomes achieved with afatinib during daily clinical practice in Japan. Additionally, in accordance with the Japanese Good Post-Marketing Study Practice (GPSP) regulations, all patients treated with afatinib were enrolled in the study, including both EGFR TKI-naïve and EGFR TKI-pre-treated patients, eliminating the selection bias seen in randomized clinical trials.
Patients and methods

Study design and patients
This non-interventional, observational study aimed to investigate the safety and effectiveness of 1 year of afatinib treatment in Japanese NSCLC patients. Patients with inoperable or recurrent EGFR mutation-positive NSCLC were eligible for afatinib treatment (in accordance with the afatinib label in Japan); no specific enrollment criteria were applied in terms of demographics or baseline characteristics. Patients received afatinib at the approved dose (20, 30, or 40 mg/ day), based on physician decision; dose reduction was permitted in the case of adverse events (AEs), and dose escalation up to 50 mg/day was permitted following at least 3 weeks of treatment at 40 mg/day with acceptable toxicity.
Patients were selected for inclusion using the continuous investigation system, a method of registration in which all patients who start treatment are enrolled in the study continuously (without exception) until the planned total number of patients is reached. Patients were observed following treatment initiation for 52 weeks or until premature discontinuation.
This post-marketing study was conducted in accordance with the Japanese GPSP regulations and Japanese Good Vigilance Practice (GVP) regulations; the trial was registered at clinical trials.gov: NCT02131259. The study was carried out in routine clinical practice and no interventions were made for the purpose of the study; therefore, in accordance with GPSP regulations, written informed consent of the patients was not required.
Endpoints and assessments
Observations were made before the first dose of afatinib (baseline) and after 4, 12, 26, 40, and 52 weeks, or on discontinuation of afatinib.
The primary outcome measure was the incidence of adverse drug reactions (ADRs). An ADR was defined as an AE for which the investigator or the sponsor (or both) assessed the causal relationship to afatinib as 'yes', 'probably yes' or 'can't be denied'. For each AE, the investigators recorded the time of onset and end, intensity, seriousness, outcome, causal relationship, and action taken with afatinib; the intensity of each AE was determined according to the Common Terminology Criteria for Adverse Events (CTCAE) version 3.0.
The safety outcome measure used as a secondary endpoint was the number of ADRs of special interest (specifically, diarrhea, rash/acne, nail effects, and ILD). In the event of the occurrence of any of these ADRs at grade 3 or higher, the investigators collected additional information including details of the clinical course of the event in question and the results of imaging tests and laboratory tests.
The effectiveness outcome measure used as a secondary endpoint was the objective response rate (ORR) based on physicians' assessment. Objective response was defined as a complete or partial response, evaluated with reference to the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1. Information was collected from the attending physicians for all patients, irrespective of evaluation criteria. Tumor progression was also evaluated by the physician, using radiologic assessment and/or clinical judgement.
An independent committee, the 'Afatinib Appropriate Use Review Committee', reviewed all assessments conducted for the purpose of the study every 6 months until the study ended.
Statistical analysis
To achieve 95% probability of detecting an ADR with a true incidence of 0.20% or more in at least one patient (or 99% probability of detecting an ADR with a true incidence of 0.30% or more), it was necessary to enroll at least 1500 patients. This incidence rate (0.30%) was chosen as it is equal to the incidence of grade ≥ 3 ILD reported in clinical studies. Reported incidence rates of all other ADRs of special interest (diarrhea, rash/acne, and nail effects) are greater than 0.30%.
Data were included for all patients who received afatinib during the follow-up period. Safety was evaluated using the 'safety set', which included all patients who received treatment and had at least one observation. It was not possible to identify an 'effectiveness set' of patients with tumor assessments according to RECIST; therefore, all patients in the safety set were included to avoid overestimation of effectiveness.
Post hoc Cox multivariate analyses were used to assess the relationship between potential prognostic factors and the incidence of ADRs. To select the factors for inclusion in each multivariate analysis, univariate logistic regression analysis was initially performed to assess the relationship between each baseline factor and the incidence of any grade or grade ≥ 3 ADRs, and ADRs of special interest (diarrhea, rash/acne, nail effects and ILD). Cox multivariate regression analyses were then performed for the baseline factors that had an odds ratio and 95% confidence interval less than one, or greater than one, by the stepwise method. In case of factors with multi-collinearity, one representative factor was selected. Cox multivariate regression analyses were not performed for grade ≥ 3 ILD due to the low incidence of these ADRs.
Results
Patients
A total of 1602 patients were enrolled at 374 sites between April 2014 and March 2015 and were included in the analysis. Baseline demographic and clinical characteristics are shown in Table 1 . Almost all (99%) patients had an EGFR mutation. A majority of patients had adenocarcinoma (97%), and 86% of patients had an Eastern Cooperative Oncology Group performance status (ECOG PS) of 0 or 1. More than half (55%) of patients had two or more lines of previous chemotherapy, and 59% of patients had received prior EGFR TKI treatment.
The majority of patients received a starting dose of 40 mg/day. Low-dose treatment initiation was observed at a higher rate in females, versus males, and in patients with lower versus higher body weights (Table 2 ). There was no significant difference in dose selection between patients with good versus poor baseline performance status.
Safety
Incidence of ADRs and serious ADRs
ADRs of any grade, and of grade 3 or higher, that occurred in ≥ 5% of patients are shown in Table 3 . The most frequently reported ADRs (all grades/grade 3-4) were diarrhea (78%/15%), and rash/acne (59%/6%), nail effects (38%/4%), and stomatitis (32%/4%) (grouped terms). Serious ADRs occurred in 337 patients (21%); the most frequently reported serious ADRs were diarrhea (n = 117, 7%) and ILD (n = 60, 4%). Serious ADRs resulting in death occurred in 18 patients (1%).
ADRs of special interest
Incidences and times to onset of ADRs of special interest are shown in Table 4 ; median time to onset for diarrhea, rash/ acne, and stomatitis was less than 2 weeks.
ILD, including ILD-like events, occurred in 70 patients (4%) [grade 3-4: 28 (2%) patients; grade 5: 12 (1%) patients]; 'real' ILD occurred in 60 patients overall (4%). Six patients (< 1%) had an increase in plasma creatinine concentration following grade ≥ 3 diarrhea. Almost a half of the patients (n = 762, 48%) had ≥ 1 afatinib dose reduction and 366 patients (23%) discontinued afatinib due to ADRs. Dose reductions and discontinuations due to ADRs of special interest are shown in Fig. 1 . The most common reason for dose reduction and for permanent discontinuation of afatinib was diarrhea (in 8.2% and 6.7% of patients, respectively).
Factors associated with ADRs
The results of Cox multivariate analyses of the impact of different factors on the incidence of ADRs and of grade ≥ 3 ADRs are shown in Figs. 2 and 3 , respectively. The starting dose of afatinib was found to have a significant impact on the incidence of ADRs, with lower starting dose favored by the HRs; for patients who received a starting dose of 20 mg compared to 40 mg, the HR was 0.46 (95% CI 0.37-0.57; p < 0.0001) for all ADRs and 0.55 (95% CI 0.38-0.81; p = 0.0022) for grade ≥ 3 ADRs. Previous EGFR TKI treatment was associated with a lower risk of ADRs, whereas ECOG PS 2-4, female gender, bone metastasis, and previous and concomitant gastrointestinal disorders were all associated with a significantly higher risk of grade ≥ 3 ADRs. The results of Cox multivariate analyses of the impact of factors on the incidence of all grades and of grade ≥ 3 diarrhea are shown in Figs. 4 and 5, respectively. Incidence of diarrhea was not significantly affected by age (< 75 years versus ≥ 75 years), or ECOG PS (0-1 versus 2-4); however, starting dose, gender, and previous EGFR TKI treatment were found to have a significant impact on the incidence of grade ≥ 3 diarrhea.
The results of Cox multivariate analyses of the impact of factors on the incidence of ILD are shown in In addition to Cox multivariate analyses, comparison of ADRs (including malignant neoplasm) by age group identified no differences for any grade/grade ≥ 3 ADRs, including ADRs of special interest, between patients aged < 75 years and those aged ≥ 75 years (Supplementary Table) .
Effectiveness
The ORR was 40.1% (642 of 1602 patients), and is shown for different subgroups in Table 5 . Compared with the EGFR TKIpre-treated subgroup, a greater proportion of the EGFR TKInaïve subgroup achieved an objective response. For patients who received a starting dose of 40 mg, the ORR was 68.4% in EGFR TKI-naïve patients, compared with 21.3% in those who had previously received an EGFR TKI. It is of note that use of a lower starting dose did not negatively affect response For previously untreated patients, age (< 75 years or ≥ 75 years) did not affect ORR. For patients aged ≥ 75 years who received afatinib as first-line treatment with a starting dose of 30 mg, ORR was 76.2%.
Discussion
The results of this post-marketing, observational study provide long-term safety and effectiveness data for 1602 Japanese patients with EGFR mutation-positive NSCLC No specific patient-selection criteria were applied to enroll patients in the study, and all patients treated with afatinib (as decided by their physician) were included in the analysis. Consequently, this study population is likely to be highly representative of the NSCLC patient population in Japan. It is of note that the median age of patients in this study was 67 years, which is 5 years older than that of the LUX-Lung 3 study population [3] . The method of enrollment should also avoid the bias inherent in clinical study populations, which typically exclude patients with a poor ECOG PS, a history of previous EGFR TKI treatment, or significant comorbidities. These routine exclusion criteria often also limit the number of older patients included in clinical trials; only 4% of the LUX-Lung 3 study population were ≥ 75 years of age, compared to 19% of the current study population [13] .
Lower initial starting doses were observed at a higher rate in female patients and in patients with lower body weight. Reasons for the choice of initial starting dose were not collected in this study; however, it can be assumed that physicians may have started patients on a reduced dose of afatinib to avoid toxicity due to potentially increased exposure to the drug [14] . Dose reductions occurred at a higher frequency in females and in patients with lower body weights, which is similar to the results seen in the LUXLung 3 and 6 studies, and in the global real-world observational study, RealGiDo [15, 16] .
The types and frequencies of ADRs reported in Japanese patients were consistent with the known safety profile of afatinib. The most frequently reported ADRs were the same as those reported for the Japanese population in the LUXLung 3 trial, namely diarrhea, rash/acne, nail effects, and stomatitis, and the frequencies of ADRs of special interest were consistent with previous findings in clinical trials with afatinib [3, 4, 6] . Median time to onset of ADRs such as diarrhea, rash/acne, and stomatitis was less than 2 weeks, highlighting the importance of monitoring patients during the early course of treatment. It is also important for physicians to be aware of any potential preventative measures, such as educating patients on skin and oral care, and use of dietary adaptations including the avoidance of heavy stimulating meals. Additionally, as demonstrated by the LUX-Lung 3 and 6 studies, these ADRs can be effectively managed with supportive care (including anti-diarrheal medication) and dose adjustments [15] . In LUX-Lung 3 and 6, tolerabilityguided dose adjustment was found to reduce the frequency/ intensity of AEs without affecting the efficacy of afatinib [15] . In the case of severe diarrhea, it is especially important to intervene early by initiating intravenous hydration to prevent dehydration and subsequent renal failure, which may otherwise prove fatal.
ILD has been reported to occur in Japanese patients with all currently available EGFR TKIs, at a higher incidence than reported outside of Japan [3, [9] [10] [11] [12] . In the current study, the incidence of ILD during afatinib treatment was consistent with previous findings. The risk of ILD was higher in males, which again is consistent with previous findings [17] . ILD can be fatal; therefore, it is important to carefully monitor patients receiving EGFR TKIs (particularly Japanese patients) and to treat ILD early to prevent progression, including cessation of the drug.
The ORR in EGFR TKI-naïve patients (67.7%) was consistent with that reported in randomized clinical trials of afatinib (61-74%; investigator assessed) [3, 4, 6] . Of course, this observational study has a number of inherent limitations; notably, tumor response was evaluated by the primary care physician (and not by external reviewers), and the RECIST criteria were not used for the assessment of response in all patients. Nevertheless, this post-marketing surveillance study provided an opportunity to assess response outcomes with afatinib in the real-world setting, which differs in a number of aspects from the clinical trial setting. Consistent with previously reported data, response rates were lower in patients who had previously received EGFR TKIs [18] . Response rates were not notably affected by the starting dose, supporting the physician's selection of the appropriate dose of afatinib, following meticulous assessment of each patient. As previously noted in clinical trials with afatinib, advanced age (≥ 75 years) did not adversely affect the clinical benefits to patients in this study, suggesting afatinib can be an effective and tolerable treatment for elderly patients in the Japanese population with EGFR mutation-positive NSCLC [13] .
In conclusion, this large, post-marketing observational study, involving more than 1600 Japanese patients in a realworld clinical setting, showed the ADR profile of afatinib to be predictable and consistent with that reported in clinical trial settings, with the majority of patients able to continue treatment. Afatinib showed effectiveness in inoperable/ recurrent EGFR mutation-positive NSCLC, especially as a first-line treatment; outcomes were comparable to those seen in randomized clinical trials. As observed for other EGFR TKIs, during treatment with afatinib, AEs such as diarrhea and ILD need to be managed early in Japanese patients, to reduce serious events and outcomes. Prior to providing access, documents will be examined, and, if necessary, redacted and the data will be de-identified, to protect the personal data of study participants and personnel, and to respect the boundaries of the informed consent of the study participants. Clinical Study Reports and Related Clinical Documents can be requested via this link: https ://trial s.boehr inger -ingel heim.com/trial _resul ts/clini cal_submi ssion _docum ents.html. All such requests will be governed by a Document Sharing Agreement. Bona fide, qualified scientific and medical researchers may request access to de-identified, analyzable participant clinical study data with corresponding documentation describing the structure and content of the datasets. Upon approval, and governed by a Data Sharing Agreement, data are shared in a secured data-access system for a limited period of 1 year, which may be extended upon request. Researchers should use https ://clini calst udyda tareq uest.com to request access to study data.
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